Global Temperature Anomalies
tion spectrum, Severe Tropical Cyclone Debbie (27 March-6 April) in Australia and New Zealand and Hurricane Harvey (25 August-1 September) in the United States produced unprecedented impacts from heavy rainfall.
GLOBAL OCEANS.
While the global average sea surface temperature (SST) in 2017 was slightly below the 2016 value, the long-term trend remained upward, with the last three years seeing the three highest annual average SSTs on record. Variations existed among ocean regions. Compared to 2016, the sea surface in 2017 was mostly cooler in the tropical and subtropical oceans, while warming took place in the midlatitudes. The global average SST anomaly, relative to the 1981-2010 climatology, remained positive but decreased slightly from a record high of +0.40 (±0.06) °C in 2016 to +0.34 (±0.06) °C in 2017.
Global mean sea level in 2017 was the highest annual average in the satellite altimetry era (since 1993) , with values 77 mm above the 1993 average. Levels have risen year to year for six consecutive years and in 22 of the last 24 years. Regional variations were evident, with differences attributed to changes in trade wind strength and downwelling Ekman pumping, along with 2017's ENSO-neutral to weak La Niña conditions.
Oceanic heat content (OHC) also rose on a global scale in 2017, with integrals of 0-700-and 0-2000-m OHC reaching record highs. Using six global integral estimates and applying a linear trends fit, the 0-700-m OHC year-to-year gain from 1993 through 2017 ranged from 0.36 (±0.06) to 0.40 (±0.18) W m −2 . Along the east coast of North America, SSTs, OHC, and sea level were all anomalously high in 2017, as they have generally been since at least 2009. Sea ice extent continued to see low levels. On 7 March, the 2017 maximum extent of Arctic sea ice measured by satellite was 8% below the 1981-2010 mean, making it the record-lowest maximum extent in the 38-yr period of record. The September 2017 sea ice minimum was the eighth lowest on record, 25% smaller than the long-term average. Ten of the lowest sea ice extent minima on record have occurred in the last 11 years. Sea ice in the Arctic in recent years is new, thin, and vulnerable to breakup and melting, hastening the yearto-year drop in sea ice extent, while the areal coverage by old, thicker ice continues to diminish to a smaller portion of the total Arctic ice coverage.
In contrast to the record-breaking low sea ice extent, the spring snow cover extent (SCE) in 2017 was 
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Sea Ice Retreat
not particularly low. For the first time in more than a decade, the spring SCE in the Eurasian Arctic was greater than the 1981-2010 average. While the SCE in the North American Arctic was less than the long-term mean, it was not as small as that measured in recent years. The moderation in Eurasian SCE in 2017 reflects a later-than-normal onset of snow melt, due in part to cooler spring air temperatures in that region, while across the higher latitudes of North America, a warmer-than-average spring led to a slightly earlier spring snow melt.
In 2017, the Greenland ice sheet rebounded from the dramatically low mass observed in 2016. While rapid melting was noted in April, the maximum melt area during the 2017 summer (32.9%) was below the 1981-2010 average maximum ice melt extent of 39.8% and was the lowest melt area since 1996. As a result of this reduced melt, summer albedo was the third highest (after 2000 and 2013) since records began in 2000. The total loss of ice mass in Greenland in 2017 was close to the 2003-16 mean.
Following the warming trend of the air temperatures above it, the terrestrial permafrost continued to warm at record rates in 2017. Five of the six permafrost observatories on Alaska's North Slope indicated record warm permafrost temperatures. Other phenomena linked to higher air temperatures, including tundra greening and tundra browning, were also observed.
ANTARCTICA. Surface pressures and circulation patterns over the Antarctic continent are strongly correlated with other climate measures, including sea ice and precipitation. The year 2017 was noteworthy for its wide regional variations and anomalies in these characteristics. Positive pressure anomalies during January 2017 led to negative temperature anomalies of about 1°C; however, the development of a deep low persisting from late austral summer through fall (February-May) produced much-above-average temperatures over West Antarctica, over three standard deviations above normal. The East Antarctic, by contrast, had record cold monthly mean temperatures in March.
Formation of a zonal wavenumber 3 pattern by wintertime (June-September) resulted in below-average temperatures across the continent, evident through the troposphere and stratosphere. East Antarctica saw record low monthly mean temperatures in June, while West Antarctica experienced its coldest anomalies in July and September, 2°-4°C and 4°-8°C below average, respectively.
The pendulum swung back with the development of positive anomalies of pressure and temperature starting in October, highlighted by a record warm October at Vostok station in East Antarctica. Temperatures across much of the continent averaged from slightly above to much above normal over the last few months of 2017, although the Ross Ice Shelf experienced below-average temperatures and a record low monthly mean surface pressure in November.
Sea ice extent remained low for most of 2017, well below the 1981-2010 average, including recordlow net sea ice extent from January through April. Throughout 2017 there were 130 days of record-low sea ice extent. On 1 March 2017, the sea ice extent fell to 2.1 × 10 6 km 2 , which was the lowest observed daily value in the continuous satellite record (since 1978) .
The strong positive anomalies of air temperature over the West Antarctic coast early in the year contributed to elevated levels of seasonal melt extent and melt index, both of which were the second highest observed since 2005. The 2016/17 melt season was slightly longer than normal, signaling an aboveaverage melt year. Across much of the Caribbean, precipitation was normal to above normal, in tandem with above-average sea surface temperatures. Two reporting stations, one in Jamaica and the other in Martinique, saw their wettest year on record (since 1971). Port-au-Prince, in Haiti, however, had its driest year since records began in 1971. Much of the excessive Caribbean rainfall in 2017 can be attributed to tropical cyclones, including Hurricanes Irma, Jose, and Maria, which crossed the region over a two-week period. Largely due to these three hurricanes, the ACE index for September 2017 was the highest for any month in the Atlantic basin since 1851. Hurricane Irma had peak sustained winds of 160 kt and was responsible for destroying much of the infrastructure of the island of Barbuda. Hurricane Maria arrived just two weeks later, making landfalls on Dominica and Puerto Rico. Maria devastated Puerto Rico, defoliating or uprooting countless trees, destroying the electrical grid, damaging most structures, and producing catastrophic flash flooding. María has been classified as the third costliest U.S. tropical cyclone on record (after 2015's Katrina and 2017's Harvey), with $90 billion (U.S. dollars) in damages across Puerto Rico and the U.S. Virgin Islands, and it was the strongest hurricane to impact Puerto Rico since 1928.
Glaciers and Ice Sheets Continue to Lose Mass
The long-term (since the early 2000s) downward trend in
Billion Dollar Disasters
Each year, about three-fourths of total weather and climate related losses in the United
South America. Much of South America saw abovenormal temperatures in 2017, with anomalies near or exceeding +1°C. Precipitation was also higher than the 1981-2010 average across most areas. The warm and wet year across northern portions of South America can be attributed in part to warming of sea surface temperatures in the eastern equatorial Pacific during the first few months of 2017.
In Ecuador, torrential rains in February-April produced deadly flooding and landslides and set precipitation records. A landslide in Colombia in March killed more than 250 people. Flash flooding and landslides in May in northeast Brazil affected over 8400 families and left more than 16,500 homeless.
In contrast, central Argentina and central Chile were very dry during the beginning of 2017, leading to a severe drought that fostered the development of wildfires. These dry conditions were exacerbated by a massive heat wave in January lasting over two weeks. The temperature reached 43.4°C on 27 January at Puerto Madryn, the highest temperature ever recorded so far south (43°S) anywhere in the world. South American Temperature year on record, due in part to highly positive sea surface temperatures anomalies across the region.
Wetter-than-average conditions were noted in most areas, although equatorial and southern Africa between 10° and 20°S saw below-normal rainfall. Heavy rainfall and flooding were reported in many locations across the continent, including heavy downpours in February and December in Morocco and during August and September in Nigeria, The Gambia, and Niger. Alexandria, Egypt, recorded rainfall of 50 mm on 21 April, the highest 24-hour rainfall in Egypt during 2017.
Tropical cyclones impacted Mozambique, Zimbabwe, Réunion Island, and Madagascar. Cyclone Dineo in February left significant flood-related damage in southern Mozambique and Zimbabwe. Cyclone Carlos passed just off the coast of Réunion, causing agricultural losses of up to $4.9 million (U.S. dollars). Cyclone Enawo made landfall on Madagascar in March, killing 81 people, injuring 250, and causing significant flooding.
Europe and the Middle East. The annual land surface temperature for Europe was the fifth highest in the record dating to 1851, with a +1.3°C departure from the 1961-90 average; the five warmest years for the continent have all occurred since 2011. Winter 2016/17 was exceptionally mild over Scandinavia, with temperature anomalies reaching more than +4°C. During long-lasting foehn winds in January, a daily mean temperature of 13.8°C was measured at station Sunndalsøra (Norway) on 25 January, which was the highest daily mean temperature ever recorded in January by a weather station in Norway and is a value more commonly measured around the beginning of July.
Above-normal 500-hPa height anomalies situated over central Europe led to the warmest spring on record in Spain. Conversely, April and May temperatures were well below normal in northwest Russia and northern Scandinavia, contributing to the greatest May snow cover extent in this area since 1985.
During summer, a high pressure bridge brought temperature anomalies as high as +5°C to Italy and the Balkan states (former Yugoslavia) along with dry weather, with precipitation totals as low as 20% of normal. Italy in particular experienced a massive heat wave with record-breaking temperatures and extreme drought.
It was the second driest year for Spain (since 1965) and third driest for Portugal (since 1931). Portugal's average precipitation in September was just 5% of the 1971-2000 normal. In many places, no precipitation was measured at all. This was followed by the driest October of the last 20 years, with strong winds due to ex-Hurricane Ophelia that prevented the extinguishing of fires in both Portugal and Spain where at least 41 people were killed in wildfires. Ash from the fires was transported as far as the United Kingdom, where yellow skies and a red sun were reported.
Multiple heat waves in July were responsible for extreme temperatures in Cyprus, Jordan, and Israel. July 2017 tied with 2012 as the warmest July in Israel since the beginning of records, with average daily temperatures 2° to 2.5°C above normal. During the first half of the month, an intense heat wave hit Croatia, drying out the plant cover, which led to the outbreak of a wildfire on 17 July with a 40-km-long fire front at its maximum, it was one of the biggest wildfires in Croatian history.
Asia. Annual mean temperatures for 2017 were above average across most of Asia. Russia observed its fourth warmest year on record, including a record warm March (6.03°C above normal). China and Hong Kong each had their third warmest year on record, while Mongolia reported its second warmest and India its fourth warmest. South Korea's average temperature in May was 1.5°C above normal, marking the fourth consecutive year of a new record-high May temperature.
In China, Typhoons Nesat and Haitang landed successively on the coast of Fuqing city in Fujian Province during 30-31 July, and four typhoons hit the Grand Bay area of Guangdong-Hong Kong-Macau from June to October. As Tropical Cyclone Hato headed toward Hong Kong, the subsidence effect ahead of its circulation brought oppressive heat to the territory on 22 August, with the temperature at the Hong Kong Observatory soaring to an all-time high of 36.6°C.
In April, Larkana, a city in the southern province of Sindh, Pakistan, experienced a record maximum temperature of 51.0°C on 20 April. On 28 May, Turbat, in western Pakistan, recorded a temperature of 53.5°C, tying the all-time highest temperature last recorded in Moen Jo Daro, Pakistan, on 26 May 2010. Heat wave conditions across much of India in late May claimed the lives of about 100 people in the state of Telangana. However, the loss of lives in 2017 was much less than in the previous years due to timely heat wave warnings and heat wave action plans initiated by the government.
The East Asian summer monsoon rainfall was weaker than normal, while the Indian summer monsoon rainfall was near normal; however, intraseasonal convective activity varied greatly in the monsoon re- gions. Overall, f looding rains and landslides during the monsoon season claimed around 800 lives across India. Portions of Sri Lanka received 300-500 mm of rain in a 24-h period in late May, causing widespread flooding.
Oceania. Australia observed its third warmest year on record. Exceptional warmth affected large parts of eastern Australia from late December 2016 into February 2017. Records were set in southeastern Australia and southern Queensland for consecutive warm days or nights, or for the total number of warm days or nights during January. A heat wave in September broke temperature records across eastern Australia, while a second heat wave broke duration records in Victoria and Tasmania. New Zealand reported its fifth warmest year since its records began in 1909. Warm temperatures seen in November and December were likely influenced by synoptic patterns that also contributed to the exceptional warmth experienced across southeast Australia and the Tasman Sea.
Flooding affected large areas of the east coast of Australia in March. This flooding resulted from thunderstorms in New South Wales and Victoria during the middle of the month and from Severe Tropical Cyclone Debbie at the end of the month. Debbie also caused widespread wind damage in Queensland and northeastern New South Wales. In New Zealand the impact from Debbie led to several one-day rainfall records for the month across the Bay of Plenty, which contributed to severe flooding in parts of the region.
In the southwest Pacific, precipitation totals for 2017 were as low as 50% of average in Nauru and the Gilbert Islands. These dry conditions were an extension of a drought event that began during the second half of 2016. Low rainfall from late 2016 through September 2017 resulted in drought emergencies in most of the atolls in the northern Republic of the Marshall Islands. Loss of potable water sources required emergency shipments of bottled water, reverse osmosis systems, emergency food supplies, and public health and hygiene assistance. New Caledonia experienced agricultural and hydrological droughts in the second half of 2017, leading to restrictions on drinking water and fires that destroyed vast areas of vegetation, including primary forests, despite a territory-wide fire ban. 
Record-breaking Hot Australian Spring
